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ABSTRACT  
This study assessed the role of cognitive factors and processes on the performance 
and satisfaction outcomes of training conducted in the Submarine Learning Center’s 
(SLC) virtual schoolhouse (VSH). Fleet Anti-Submarine Warfare Training Center 
provided a setting to test the VSH and conduct this study. In each of three test sessions, 
12 students were trained, divided between the VSH and face-to-face (FTF) setting. NPS 
researchers conducted observations and administered pre-, mid- and post-training surveys 
to students in both the VSH and FTF setting. VSH students and instructors also 
participated in post-training interviews. Findings show that training in virtual 
environments can be successful. Students in the VSH performed as well as, and in some 
instances better, than students in the FTF setting. Findings suggest that training in virtual 
environments must be supported through instructor and student preparation specific to the 
virtual environment. Additionally, training outcomes can likely be improved, and perhaps 
exceed those of FTF training, through attention to the design of the learning system and 
training activities. The VSH provided some specific advantages including, the potential 
to support life-work balance, unique learning tools and spaces, and improved access to 
learning tools. The only perceived disadvantage was the lack of FTF contact with 
instructors. The learning system and training activities should be designed specifically to 
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I. BACKGROUND 
Virtual worlds offer the potential to provide reduced training costs compared 
with face-to-race training, increased engagement compared with other distance 
education tools, and better learning outcomes resulting from collaborative training 
activities. However, although new technologies and work arrangements allow 
individuals separated by distance to work and learn together, this distributed learning 
has proven challenging (Kirkman et al., 2002; Cramton, 2001; Desanctis & Monge, 
1998; Gibson & Gibbs, 2006). Research suggests these challenges stem from 
difficulties inherent in communication technologies and distance learning. 
Recent research on distributed teams and on-line communities suggests that 
successful interaction through virtual technologies may require different behavior than 
FTF interaction (DeRosa, Hantula, Kock, D’Arcy, 2004; Kock, 2004; Faraj, Jarvenpaa 
and Majchrzak, 2011; Katz and Te’eni, 2007).  In other words, individuals interacting 
in virtual settings may need to adapt their behaviors to both the task and medium 
(Maznevski and Chudoba, 2000; Kock, 2004; 2005). However, adapting behavior, 
while possible, is cognitively demanding and may reduce engagement and enjoyment 
(Kock, 2004; de Guinea, Webster, and Staples, 2012).  
A recent meta-analysis examining the relationship between virtuality and team 
functioning found that while virtuality was associated with lower team functioning, 
negative effects diminished or disappeared if teams were examined over time (de 
Guinea, Webster, and Staples, 2012).  
Media naturalness theory (Kock, 2004; 2005) offers a possible explanation. 
Kock (2004; 2005) postulates that the challenges inherent in technology-mediated 
communication stem from these technologies’ lack of naturalness. Because humans 
evolved over millennia to communicate FTF, the most natural communication involves 
gestures, expressions and visual contextual clues. Less natural communication mediums 
are more cognitively demanding. However, barriers can be overcome through 
technology and behavioral adaptation.  
The purpose of this study was to explore the potential of virtual worlds for the 
delivery of Navy education and training by collecting and analyzing data on the results 
of a pilot training conducted by the SLC. The study assessed the role of cognitive 
factors on performance and satisfaction outcomes of training conducted in a virtual 
world.  Understanding how to best utilize virtual worlds for education and training is 
important to the Navy because virtual worlds offer the potential cost effectively deliver 
education and training to geographically distributed populations and reduce the travel 
burden on students.  
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Because training in virtual worlds can present challenges stemming from 
difficulties inherent in communication technologies and distance learning, a better 
understanding of the role of cognitive factors and processes in virtual education and 
training outcomes will help the Navy to assess the potential of virtual worlds for 
delivering education and training and to identify needed modifications or approaches to 
best take advantage of this technology. Specifically this study explored: 
• What role do cognitive factors and processes play in performance and 
satisfaction outcomes of education and training conducted in virtual worlds?  
• What adaptations to behavior and communication can improve education and 
training in virtual worlds?  
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II. STUDY DESIGN  
This study was conducted during a test of the Submarine Learning Center’s 
(SLC) virtual schoolhouse (VSH). Using Open Simulator, the SLC constructed a VSH. 
The VSH enabled distributed instructors and students, represented by avatars, to 
interact with each other and to access live tactical systems across distance in a 3D 
virtual environment. The VSH included a virtual world orientation training trail, a 
virtual classroom, a virtual laboratory, a virtual study hall, a virtual simulation range 
and a 3D Doppler exhibit. The VSH server and the AN/SQQ-89 system used for the 
labs were was hosted at NAVAIR in PAX River Maryland. A Voice over IP (VoIP) 
software was configured and hosted at NAVAIR. The VoIP broadcast the audio of the 
Sonobuoy trainer and provided voice communication to all students and instructors in 
the virtual world (see Virtual Schoolhouse Final Report, 2014 for a detailed 
description).  
Fleet Anti-Submarine Warfare Training Center provided a setting to test the 
VSH and conduct this study. Instructors in San Diego, California taught three, 7-day 
modules of the Surface Common Airborne Undersea Sensor Software Functional 
Segment course. This course is part of the AN/SQQ-89 Ops Course and is taken by 
STG’s including initial entry’s and those returning from the fleet. SCFS training takes 
place in two distinct parts: 1) classroom sessions in which students acquire needed 
knowledge such as terminology, knobology, and basic principles of sonobuoys and 2) 
lab sessions in which students gain and practice skills to operate the system 
proficiently. The primary learning activities in the classroom sessions were lecture 
supported by presentation slides. The lab sessions involved practice in a simulated 
setting requiring interaction with video, audio and other players. Students assigned to 
the VSH attended both classroom and lab sessions in the virtual world. At the 
completion of the training, the instructors evaluated student performance with a written 
knowledge test and a lab practical exam.  
In each of three test sessions, 12 students were trained, divided between the 
VSH and FTF setting. Researchers from the Naval Postgraduate School (NPS) 
conducted observations, surveys and interviews of students in both VSH and FTF 
setting. Students in both settings participated in pre-, mid- and post- training surveys 
and students and instructors in the VSH participated in post-training interviews. 
Performance outcomes were measured using the instructors’ evaluations.  
A framework of virtual learning was developed based on observations and the 
most relevant education literature. This framework describes the individual-level 
factors that may contribute to successful learning and satisfaction in virtual learning 
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environments. The causal model illustrating the predictive relationships embedded in 
this framework is shown in Figure 1: A Model of Learning in Virtual Environments.  
Figure 1. A Model of Learning in Virtual Environments 
 
 
As shown in the model, students’ success in virtual learning environments is dependent 
upon a variety of factors, organized within three key categories: 
1. Cognitive Competencies:  
a. Cognitive Capacity: A student’s intellectual capability (captured in this 
study by performance scores on previous modules).  
b. Multi-media Self-efficacy: Competency with communication technology 
(e.g., internet, synchronous chat, and virtual worlds).   
c. Self-regulated Learning: Degree to which a student takes a self-directed 
and proactive approach to learning.   
d. Regulatory Focus: Motivation variable concerning the degree to which a 
student is promotion vs. prevention focused. Promotion focus entails 
motivation to achieve awards and goals. Prevention focus entails 
motivation to avoid punishment and failure. 




































a. System Perceptions: Ease of use of the VSH, Usefulness of the VSH, 
Interactivity with the instructor, and Interactivity with the learning 
content 
b. Perceptions of Instructor: Instructor quality, Instructor attitude toward 
the VSH 
3. Cognitive Processes: 
a. Cognitive Engagement: Degree to which learning in the VSH sparks 
student interest and curiosity while also holding his/her attention and 
focus. 
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III. ANALYSIS AND FINDINGS 
The study included analysis of both survey and interview data. Findings of the 
analysis of the survey data are based on comparison of means and correlational 
analysis. Due to the relatively small sample size, findings are reported at the .05 level 
of significance. Further research is necessary to confirm the validity of these findings. 
Analysis of the interview data elaborates the analysis of the survey data. 
A. SURVEY FINDINGS 
1. VSH vs. FTF 
Preliminary comparative analysis across the virtual and FTF settings offered 
encouraging results for the potential of the VSH and highlights some interesting 
demographic influences in the adoption and success of training via virtual worlds. As 
shown in Table 1: Effects on Learning Outcomes, performance scores on both the 
knowledge and practical tests were marginally higher for students in the VSH than in 
the FTF setting. This suggests that virtual environments are a viable alternative for the 
delivery of education and training. Nevertheless, students in the FTC setting reported 
higher levels of Satisfaction with the course. 
 
Table 1. Effects on Learning Outcomes 
 
 
There were some differences in cognitive processes across the groups, shown in 
Table 2: Effects on Cognitive Processes. Students in the FTF setting reported more 
positive attitudes during both classroom and lab training. Interestingly, VSH students 
reported greater levels of engagement during the lab training sessions, while FTF 
students reported higher levels during classroom training sessions.  
 
Condition Knowledge Test Score 




Face-to-Face 88.26 92.26 4.32 
Virtual School House 88.88 92.88 3.83 
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Table 2. Effects on Cognitive Processes 
 
Further analysis revealed cohort and experience-based effects, shown in Figures 
2 through 4. Analysis indicated the presence of strong effects in the VSH due to 
participation in Cohort 1 and whether the student was designated a Fleet Returnee vs. 
Initial Entry. All members of Cohort 1 were designated Initial Entry. Cohorts 2 and 3 
each included both Fleet Returnees and Initial Entries. 
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Cohort 1 performance scores lagged behind each of the following cohorts and 
Cohort 1 reported significantly lower Satisfaction levels with the course. Similar effects 
were found for individuals designated as Initial Entry vs. Fleet Returnee across all 



















Cohort 1 reported significantly lower cognitive engagement and less positive 
attitudes during the learning process than their counterparts in Cohorts 2 and 3. Similar 
effects were found for individuals designated as Initial Entry vs. Fleet Returnee across 
all cohorts as shown in Figure 3: Cohort and Experience-based Effects on Cognitive 
Processes. 
Cohort 1 also rated Instructor competence and attitude lower than Cohorts 2 and 
3. This trend is mirrored when comparing Fleet Returnee vs. Initial Entry across all 
cohorts, suggesting that the lower ratings are a manifestation of student inexperience as 
opposed to genuine differences in instructor quality and attitude as shown in Figure 4: 
Cohort and Experience-Based Effects on Student Perceptions.  
Importantly, when Cohort 1 is dropped from the analysis VSH students reported 
greater Satisfaction with the course, greater Cognitive Engagement in both the 
classroom and lab training, and more positive Attitudes during the classroom and lab 
training than did FTF students. That is, the VSH scored higher than the FTF setting on 
each of the variables of interest. 
2. Learning in the VSH 
Due to the effects noted above, cohort and experience (i.e., Fleet Returnee vs. 
Initial Entry) effects were controlled during specific analysis of the VSH. Analysis of 
Cognitive effects revealed that Knowledge and Practical scores were not significantly 
affected by Cognitive Engagement or Attitude in the classroom or lab, respectively. 
Satisfaction was significantly and profoundly impacted by the degree that students were 
engaged in and felt positive about the learning process during both the classroom and 
lab training. 
Learning System Perceptions. As expected, perceived Ease of Use and 
Usefulness of the VSH related to both Cognitive Engagement in, and positive Attitudes 
toward, the learning process during both the classroom and lab training. Interactivity 
with the instructor was only important during lab training. It was not associated with 
engagement or attitudes during classroom training. Interactivity with the learning 
content was associated with both engagement and attitude during classroom training. 
Instructor Perceptions. Echoing the findings noted above, Instructor 
Competence was strongly related to Engagement and Attitude in the lab training, but 
not related in the classroom. It is also extremely important to note that Instructor 
Attitude toward the VSH was significantly related to Cognitive Engagement in both the 
classroom and lab and to Attitude in the classroom. 
Cognitive Competencies. Cognitive Capacity was not associated with Cognitive 
Engagement or Attitude during either the classroom or lab training, though it was 
significantly associated with the Knowledge test score, as expected. An interesting, and 
rather promising finding is that none of the measures of Multi-media Self-efficacy were 
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related to Cognitive Engagement or Attitude. This suggests that little to no pre-training 
on general communications technology skills is necessary.  
Both Self-regulated Learning and Promotion Focus were associated with more 
positive Attitudes during the classroom training. This suggests that pre-training on 
need for self-directed and proactive learning, and priming students to focus on the 
value of passing the training for the enhancement of their career (as opposed to 
focusing on the punitive effects of failing) will facilitate a more positive VSH 
classroom experience.     
B. STUDENT INTERVIEWS 
Overall, students found learning in the VSH to be similar to learning in the FTF 
setting. Students found it easy to learn to use the VSH and most stated they would 
attend training in a virtual world if given the opportunity in the future. The following 
statement is exemplary of many students’ conclusions: 
 I was a little bit worried about when I first did this [that]…we would get 
more knowledge …in the [traditional] classroom… I feel like I learned 
almost more than what I would have learned normally in the classroom. 
Students included those who described themselves as gamers and those who 
noted that they were not. Both groups found that they could use the VSH. Students 
noted that their job requires familiarity with technology and some suggested this may 
have made learning to use the VSH easier for them. As one explained:  
Everybody has computer skills nowadays.  It is pretty much all you 
need, basic computer skills and somewhat of an idea on how to get 
around using the first person gaming and it is real simple.  
1. Advantages of the Virtual Schoolhouse 
Students noted advantages related to quality of life and learning, specific to the 
virtual setting.  
Quality of Life. All students in the second and third cohorts stated that they 
would choose to attend training in a virtual environment if given the opportunity in the 
future. The primary reason given was the benefit of not having to travel and spend time 
away from home and family. 
I would rather have a VSH to go to than have to travel away from my 
family for x amount of time… I was sent there [Rhode Island] for a 
trainer, but everything we did there could have been done in a virtual 
schoolhouse and I would go home to my family every night and I 
wouldn’t be away for two months.  So I think that is a big deal for a lot 
of people, especially for us, we are going underway a lot…It [training] is 
a mini-vacation yes, but not without my family.  
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I will use it again because…if I don’t have to leave my family, like leave 
out of the area, like fly away, then I would definitely set down at a 
virtual schoolhouse…I would.  Honestly I would.  
 
Unique Tools. Students commented on the value provided by enhancements and 
tools unique to the VSH including the interactive, digital whiteboard; communication 
scripts; and the Doppler exhibit. Students also commented on the value of being able to 
see what the ship and equipment would look like.  
The whiteboard was cool, because we could like put parts of the 
PowerPoints in there and draw on the PowerPoint, which was good.  We 
can’t do that on our physical computers back there [in the FTF 
classroom].  You can’t draw on your computer.  
[In the VSH] we could hear how our conversation would go there in the 
fleet…they had it set up to exactly what they were going to be saying 
during the situation.  
In the VSH there were a couple of systems that showed examples and 
like diagrams of what was going on with some of the concepts…that 
was a great tool that the VSH has.  I know I looked at them more than 
once.  
[The Doppler exhibit] was cool...you can make stuff in the computer 
world and it is right there and it helps…the three dimensional aspect of it 
was definitely a good learning tool.  
Unique Space. Several students noted advantages of being in a virtual space. 
Students noted that is was easier for an instructor to indicate something on the screen in 
the VSH without impinging on the student’s physical space of sense of control. Several 
noted that the VSH allowed access to materials and the lab without have to move 
around in the physical world. Others noted freedom to access materials, without having 
to have an instructor or others present them, and also at most times. One student 
preferred the ambiance provided by the VSH over a face-to-face classroom. 
When we are on our consoles in the lab, he is able to take control of our 
computer and he can actually show stuff without having to…go up and 
be intrusive.  He can be like okay, I am going to control your mouse and 
he can show you how to get to stuff without feeling like you just got 
booted out of your console.   
[To] show you something [in the FTF setting], he has to sit there and 
show you how to do it and you are looking over him instead of you can 
still get the best view and see where he is clicking and what he is doing.   
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Well I think when we were doing the labs and stuff you know everybody 
is able to get in and have the same level [of sight]…on the same thing 
and you are not trying to crowd around—you are not trying to crowd 
around something to look at it.  You can all see it.   
We didn’t have to uproot and shift to a whole other floor, to a whole 
other lab where you have a completely different environment.  It is just 
okay, sit as you are, go ahead and go over to the laboratory in the virtual 
world.  Shift over there, transition over there, and then you are still in the 
same spot.  That part was a whole lot easier.   
You are not in a stuffy classroom…I put my avatar outside so I would 
have a scenic view while studying. 
Lab Access. Almost all students commented on the better access to the lab 
provided by the VSH. 
I’d say [in VSH] for 50 percent of our class we were in front of a 
console.  We were doing OJT.  We were really running that console.  
And whether we use all the aspects of what its abilities are or not, in the 
classroom setting we use the consoles for a total—in one week’s time, 
we might have an hour and a half all together throughout the whole 
week…Here [VSH]…half of this time we’ve been on those consoles. 
The ability to be in the laboratory all the time and really use that time 
wisely in study hall and be in our lab a lot of the time [is an 
advantage]…Our friends back at [the FTF] school…were all saying, 
“Oh, well, our grades are really low.  We’ve only been doing two sonar 
[labs]…And I’m like, “Really?  We’re doing four and we’re doing all 
these different scenarios.”  
We went to the lab six or seven times already [in VSH].  Well, that’s 
like unheard of [in the FTF setting]…it was really nice to get in and 
work on our actual console and see it as many times as possible.  
I love to learn and I loved—I really actually liked going in the lab a 
lot…If I could do this virtual world from home and take all my classes, 
like it would be great.  I would love that…you don’t have to be there 
with two people for extra study…or need your instructor there to babysit 
you…In the virtual world, I could just go to the study hall whenever I 
want to. 
2. Disadvantages of the Virtual Schoolhouse 
The primary disadvantage noted in interviews was the lack of face-to-face 
interaction. Several students noted that many people prefer face-to-face interaction. 
Others noted difficulties of technology mediated commination, though several noted 
that the difficulties can be overcome.  
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I am one of the students who likes to sit in a classroom and I like to see 
the instructor.  I like to be able to just raise my hand…being able to have 
more feedback without having to feel like you are speaking over 
someone through a microphone…it’s just easier.  
[I] don’t want to really interact too much because…I don’t want to stop 
the lesson…So it’s easier in person.  In the virtual world you just have to 
take a few more steps in order to be interactive and then everything is 
fine.  
However, several students talking about face-to-face communication noted that 
in their jobs, communicating through technology is the norm and equated training in the 
virtual schoolhouse to another instance of this type of communication. 
Many people rather would have a face-to-face.  You know, in my 
opinion…you are going to talk to a lot of people you never get to see.  
So you know…yes I could see how that would be an issue, but for me it 
was pretty much the same. You would talk to people like you would 
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IV. RECOMMENDATIONS FOR PRACTICE AND RESEARCH 
A. RECOMMENDATIONS FOR PRACTICE 
Overall, performance scores indicate that training in the VSH is as effective as 
training in the FTF setting, with the potential to be more effective. What is needed to 
maximize the potential of the training conducted in virtual worlds is increased 
satisfaction with the learning environment. Results of the survey analysis confirm that 
satisfaction is strongly dependent on cognitive engagement and attitudes during 
learning. These results are consistent with extant research, which has consistently 
shown that learner satisfaction supports higher performance (see Spears, 2014 for a 
review). Findings suggest interventions focused on students, the learning system and 
instructors could improve the performance outcomes of training in virtual worlds.  
1. Student Preparation 
Students should be prepared for learning in a VSH with pre-training and 
priming. To be successful, students in virtual world settings must engage in self-
regulated learning. Self-regulated learning requires students think about their thinking; 
plan, monitor and evaluate progress; and be motivated to learn. Self-regulated learners 
take control of, and evaluate their learning behavior by monitoring, directing and 
regulating their actions to advance goals of information acquisition, expertise 
acquisition, and self-improvement.  
Thus, students should be pre-trained to build skills and expectations required to 
take control of their learning processes and environment to a greater extent than they 
might in a FTF classroom. Simply put, learning in a virtual world is not best facilitated 
when students follow the direction of an instructor, but rather requires that students 
direct their own learning and to some degree, customize the environment for their own 
needs. To facilitate self-regulated learning, a repertoire of strategies should be 
identified, developed and trained. For example, during one session, students self-
organized a review session in the virtual classroom utilizing the digital whiteboard. 
They brainstormed categories of topics and study questions. Strategies such as these, 
specific to learning in the virtual environment, should be identified in future research. 
Put simply, to take advantage of the full potential of virtual environments for training 
and education, students must be less dependent on instructor direction than they might 
in a FTF setting. 
Additionally, self-regulated learning and success will be enhanced if students 
are primed with a promotion focus. That is, student motivation should be aimed toward 
achieving success and the attainment of goals, as opposed to the avoiding failure and 
fears of punitive repercussions. This is particularly important in a virtual environment, 
when the technology and learning environment are likely unfamiliar and students may 
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be apprehensive. Apprehensions will cause students to be more reliant on instructors 
and make efforts to appease them as opposed to fully exploring and engaging the 
technology to develop personal learning strategies. That is, apprehensive students will 
be unlikely to self-regulate their learning processes.  
One power of virtual learning environments is that students can potentially 
develop more personal learning strategies than is possible in face-to-face settings. 
Hence, pre-training and motivational priming for self-regulated learning has the 
potential to personalize the learning process, which may translate into higher 
performance outcomes than are achieved in FTF settings. 
2. Instructor Preparation 
Instructors should be primed to express enthusiasm for the virtual learning 
environment and trained for competence in using the technology. The instructors’ 
attitudes toward the VSH translated into greater engagement by the students and 
ultimately better learning outcomes. It appears that there is a contagion effect, whereby; 
instructor enthusiasm toward the virtual environment is infectious.  
Additionally instructors need instruction and practice in how to adapt their 
teaching to the virtual setting. For example instructors need to speak more slowly, 
articulate their actions (as in “I am going to write on the whiteboard now”), and 
articulate visual cues (as in “look at the bottom of your screen”). Articulation provides 
a substitute for visual cues not present in the virtual environment.  
Competence was primarily important in the lab setting and was less influential 
in the classroom setting. This finding underscores the importance of self-regulated 
learning in VSH classroom training where self-regulated learning is a particularly 
important driver of success. 
3. Learning System Design 
Results of the survey analysis showed that students were able to use the VSH 
with the preparation provided, which included a self-paced orientation. The measures of 
multi-media efficacy were not related to success. Thus, results suggest that the VSH 
was designed such that students were able to use it regardless of their experience and 
competence with multi-media, communications technologies. The results of the 
analysis of the survey data were consistent with the interviews. However, despite the 
success of the training conducted in the VSH, results suggest three focus areas with the 
potential to improve performance: customization of the learning system, customization 
of learning activities, and cohort design.  
Refinements of the VSH learning system should focus on enhancing interaction 
with instructors and interaction with learning content. Student interviews suggest that 
enhancements provide great value. However, the survey findings and interviews 
suggest that the classroom training did not take full advantage of the potential of the 
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virtual setting. Some VSH students expressed frustration with the classroom training 
and several mentioned that they had hoped the VSH classroom training would be 
“different.” Rather than moving classroom training as is into a virtual setting, training 
activities should be designed with the virtual environment and its capabilities in mind, 
and in particular, to support and encourage self-regulated learning. The Doppler exhibit 
was an often-cited example of a customized feature that students’ found valuable. 
Results of the analysis of the surveys and the interviews point to the importance 
of cohort composition. To the extent possible, cohorts should not be made up 
exclusively of inexperienced sailors. Our results suggest that even minimal 
representation of more experienced sailors has a contagion effect similar to that of 
enthusiastic instructors. Fleet returnees in the study were less apprehensive, initiated 
self-regulation and were generally more enthusiastic about the VSH, in particular 
because they saw great potential for it to support life-work balance. Initial entries in the 
cohorts that included fleet returnees were also more positive. Results suggest that when 
cohorts are made of entirely inexperienced sailors, the VSH may under-perform FTF, 
but when cohort composition is considered, the VSH will outperform FTF.  
B. LIMITATIONS AND RECOMMENDATIONS FOR FURTHER 
RESEARCH 
This study is based on a field-test of the SLC’s VSH. Because this was the first 
test of the VSH, the study is based on a relatively small sample and should be 
considered exploratory. The benefits of exploratory field studies are that they allow 
initial exploration with relatively low risk. However, as in the case of this study, 
exploratory studies typically involve a relatively small number of participants and 
constraints to the design.  
This study confirms that virtual worlds can provide successful training. In 
addition, the study provides general conclusions and suggestions for practice. However, 
this study was based on a small number of students, in one course, in one location and 
constrained by the priority imperative to educate sailors. Results should be replicated 
with larger numbers of students, in varied courses, across geographic distance with 
more extensive controls over the test. In particular, a test must be conducted in which 
training begins in the virtual world and students are in separate locations rather than 
cubicles. Future studies should investigate which features and tools of virtual worlds 
are most and least valued by Navy students and instructors? How should learning 
activities be designed to best take advantage of virtual worlds? What learning strategies 
will best support learning by students in virtual worlds? How can these strategies be 
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V. SUMMARY 
Virtual worlds offer the potential to reduce training costs while maintaining 
student engagement, but implementing technology-mediated training has often been 
challenging. Failures are often associated with cognitive factors and processes resulting 
in an unwillingness to adopt and use such technologies. In order to take full advantage 
of the potential of virtual worlds for education and training, the Navy requires an 
understanding of how cognitive factors and processes influence education and training 
outcomes in order to more effectively design learning and training systems and 
activities for virtual environments. 
This study assessed the role of cognitive factors and processes on performance 
and satisfaction outcomes of training conducted in the Submarine Learning Center’s 
(SLC) virtual schoolhouse (VSH). Fleet Anti-Submarine Warfare Training Center 
provided a setting to test the VSH and conduct this study. In each of 3 test sessions, 12 
students were trained, divided between the VSH and setting.  
Researchers from the Naval Postgraduate School (NPS) conducted observations 
and administered pre-, mid- and post-training surveys to students in both the VSH and 
FTF setting. VSH instructors and students also participated in post-training interviews. 
Findings show that training in virtual environments can be successful. Students in the 
VSH performed as well as, and in some instances better, than students in the FTF 
setting.  
Findings suggest that training in virtual environments must be supported with 
student and instructor preparation specific to the virtual environment. Additionally, 
training outcomes can likely be improved, and perhaps exceed those of FTF training, 
through attention to learning system and activity design. Students should be prepared 
for learning in a VSH with pre-training to build skills and expectations to encourage 
self-regulated learning and priming for a promotion focus. Instructors should be 
trained to build competence in using the technology and primed to express enthusiasm 
for the virtual learning environment.  
The VSH provided some specific advantages including, the potential to support 
life-work balance, unique learning tools and spaces, and improved access to learning 
tools. The only perceived disadvantage was the lack of face-to-face contact with 
instructors. Virtual learning and training systems and activities should be designed 
specifically to fully utilize the advantages of the virtual setting and to mitigate the only 
perceived disadvantage.   
Future studies should investigate which features and tools of virtual worlds are 
most and least valued by Navy students and instructors and identify learning strategies 
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APPENDIX A: EXAMPLE OF SURVEY QUESTIONS 
Administered to VSH before training: 
Regulatory Focus  
1. Compared to most people, are you typically unable to get what you want out of life? 
2. Growing up, would you ever “cross the line” by doing things that your parents would 
not tolerate? 
3. How often have you accomplished things that got you "psyched" to work even 
harder? 
4. Did you get on your parents’ nerves often when you were growing up? 
5. How often did you obey rules and regulations that were established by your parents? 
6. Growing up, did you ever act in ways that your parents thought were objectionable? 
7. Do you often do well at different things that you try? 
8. Not being careful enough has gotten me into trouble at times. 
9. When it comes to achieving things that are important to me, I find that I don't 
perform as well as I ideally would like to do.   
10. I feel like I have made progress toward being successful in my life. 
11. I have found very few hobbies or activities in my life that capture my interest or 
motivate me to put effort into them. 
 
Self-regulated Learning 
1. During class time I often miss important points because I’m thinking of other things. 
2. When reading for this course, I make up questions to help focus my reading. 
3. When I become confused about something I’m reading for this class, I go back and 
try to figure it out. 
4. If course materials are difficult to understand, I change the way I read the material. 
5. Before I study new course material thoroughly, I often skim it to see how it is 
organized. 
6. I ask myself questions to make sure I understand the material I have been studying in 
this class. 
7. I try to change the way I study in order to fit the course requirements and instructor’s 
teaching style. 
8. I often find that I have been reading for class but don’t know what it was all about. 
9. I try to think through a topic and decide what I am supposed to learn from it rather 
than just reading it over when studying. 
10. When studying for this course I try to determine which concepts I don’t understand 
well. 
11. When I study for this class, I set goals for myself in order to direct my activities in 
each study period. 
12. If I get confused taking notes in class, I make sure I sort it out afterwards. 
 
Multi-Media Efficacy  
Internet Competencies Subscale  
I would feel confident… 
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1. Opening a web browser (e.g. Firefox or Explorer)  
2. Reading text from a website 
3. Clicking on a link to visit a specific website 
4. Conducting an Internet search using one or more keywords  
5. Creating a simple web page with text, images, and links  
 
Synchronous Interaction Subscale  
I would feel confident... 
 
1. Providing a nickname within a synchronous chat system (if necessary)  
2. Reading messages from one or more members of the synchronous chat system  
3. Answering a message or providing my own message in a synchronous chat system 
(one-to-many interaction)  
4. Interacting privately with one member of the synchronous chat system (one-to-one 
interaction)  
 
Virtual World Efficacy Subscale 
I would feel confident… 
 
1. Moving my avatar in the virtual world 
2. Adjusting my camera angle in the virtual world 
3. Adjusting the view of my avatar in the virtual world 
4. Focusing on/zooming in on an object in the virtual world 





Administered to VSH after classroom training:  
Learner-instructor Interaction 
1. I had numerous interactions with the instructor during the class. 
2. I asked the instructor my questions through different electronic means, such as email, 
discussion board, instant messaging tools, etc. 
3. The instructor regularly posted some questions for students to discuss on the 
discussion board. 
4. The instructor replied my questions in a timely fashion. 
5. I replied to messages from the instructor. 
6. I received enough feedback from my instructor when I needed it. 
 
Learner-content Interaction 
1. Virtual schoolhouse course materials helped me to understand better the class 
content. 
2. Virtual schoolhouse course materials stimulated my interest for this course. 
3. Virtual schoolhouse course materials helped relate my personal experience to new 
concepts or new knowledge. 




1. The Virtual School House excites my curiosity. 
2. The Virtual School House arouses my imagination.  
3. Learning with the Virtual School House makes me curious. 
 
Attention focus 
1. When using the Virtual School House, I am totally absorbed in what I am learning.  
2. The Virtual School House holds my attention.  
3. When learning with the Virtual School House, I am aware of distractions. 
 
Interest  
1. The Virtual School House is fun.  
2. The Virtual School House is interesting.  




1. Using the Virtual School House is pleasurable. 
2. Using the Virtual School House is a positive experience. 
3. I enjoy using the Virtual School House. 
 
Cognitive 
1. The Virtual School House is a useful tool for learning my tasks. 
2. The Virtual School House is beneficial. 




Administered to VSH after lab practical: 
Learner-instructor interaction 
1. I had numerous interactions with the instructor during the labs. 
2. I frequently asked the instructor questions during the labs. 
3. The instructor regularly raised questions for students to discuss during the labs. 
4. The instructor replied to my questions in a timely fashion during the labs. 
5. I replied to questions from the instructor labs. 
6. I received enough feedback from my instructor when I needed it during the labs. 
 
Learner-content interaction 
1. The labs helped me to understand better the class content. 
2. The labs stimulated my interest for this course. 




1. Learning in the labs excites my curiosity. 
2. Learning in the labs arouses my imagination.  
3. Lab learning in this course makes me curious. 
 
Attention focus 
1. When in the labs, I am totally absorbed in what I am learning.  
2. While in the labs, this course holds my attention.  
3. When learning in the labs during this course, I am aware of distractions. 
 
Interest  
1. The lab is fun. 
2. The lab is interesting.  




1. Being in the lab is pleasurable. 
2. Being in the lab is a positive experience. 
3. I enjoy being in the lab. 
 
Cognitive 
1. Lab education is a useful tool for learning my tasks. 
2. Attending the labs is beneficial. 
3. Lab education is a valuable resource for learning new skills. 
 
Perceived Usefulness 
1. Using the Virtual School House increased my learning and productivity. 
2. Using the Virtual School House improved my performance and skills. 
3. Using the Virtual School House enhanced my effectiveness. 
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4. I find the Virtual School House useful to my learning and development. 
 
Perceived Ease of Use 
1. Learning to operate the Virtual School House is easy for me. 
2. I find it easy to get the Virtual School House to do what I want it to do. 
3. It would be easy for me to become skillful at using the Virtual School House. 
4. I find the Virtual School House easy to use. 
 
Perceived Instructor Quality 
1. The course instructors are competent teachers. 
2. I learned a lot because of the quality of the course instructors. 
3. I would recommend these course instructors to future students. 
 
Perceived Instructor VSH Attitude 
1. The course instructor was passionate about the Virtual School House. 
2. The course instructor seemed to enjoy using the Virtual School House. 
3. The course instructor had a positive view of the Virtual School House. 
4. The instructor valued the Virtual School House. 
 
Satisfaction 
1. Overall, I am satisfied with this course. 
2. This course contributed to my educational development. 
3. This course contributed to my professional development. 
4. I am satisfied with the level of interaction that happened in this course. 
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APPENDIX B: EXAMPLE INTERVIEW QUESTIONS 
Note: Interviews were semi-structured and participants were encourage to describe their 
perceptions in their own words, style and order. The questions below are exemplary of 
the types of questions and prompts used to facilitate the discussion.  
 
Please describe how you learn? 
Please describe a good learning experience you have had in the past? 
 
How did the VSH compare to learning in the classroom? 
Can you give me an example or tell me a story about something that was different? 
Can you give me an example or tell me a story about something that was the same? 
 
What contributed most to your learning in the VSH? 
How was this different from the face-to-face training? 
 
What was distracting or difficult in the VSH? 
How was this different from the face-to-face training? 
Can you give me an example of a time that something didn’t work for you in the VSH? 
 
What was missing (compared to face-to-face)? 
What was added or better (compared to face-to-face)? 
• Which features were most useful? 
• Which features were least useful? 
• Which were distracting? 
• What did you most enjoy? 
• What did you least enjoy? 
 
How were the VSH classroom (PPT) and lab different?  
 Did the virtual setting work equally for both? 
 How did the value of features differ? 
 
What would you change? How could the VSH experience be improved? 
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